Introduction
The Agaricomycetes (= Homobasidiomycetes sensu Hibbett & Thorn 2001 plus Auriculariales and Sebacinales; see Hibbett 2007) comprise about 21,000 extant species (Kirk et al. 2008) . Although molecular phylogenetic analyses suggest a long evolutionary history of this group (see, e.g., Taylor & Berbee 2006; Berbee & Taylor 2007 Hibbett & Matheny 2009) , their fruiting bodies are rare as fossils. Records of representatives forming ephemeral mushrooms are mainly restricted to rare mid-Cretaceous to Miocene amber fossils (e.g., Poinar & Singer 1990; Hibbett et al. 1997a Hibbett et al. , 2003 Poinar & Buckley 2007) . Longer-lasting fruiting bodies of bracket fungi, which primarily belong to the orders Polyporales and Hymenochaetales, were historically believed to date back to the late Paleozoic, however, putative pre-Cretaceous records have been revised (see Fleischmann et al. 2007 , for review). Also, Phellinites digiustoi Singer & Archangelsky, 1958 , the most convincing pre-Cretaceous polypore fossil from the Jurassic of Argentina (Singer & Archangelsky 1958 ) was reassessed and found to be a piece of bark remains from an Araucariaceae representative (Hibbett et al. 1997b) . Another putative fossil bracket fungus was later published from southern Germany and interpreted as a Fomes-like Polyporaceae representative attached to petrified wood (Fohrer & Simon 2002) . However, the interpretation by Fohrer & Simon (2002) is based exclusively on external morphology. A closer investigation of this fossil, which would predate the oldest bona fide bracket fungi from the Early Cretaceous of Vancouver Island (Smith et al. 2004 ) by at least 88 million years is necessary by sectioning. Here, we present an anatomical investigation of this currently sole remaining pre-Cretaceous putative bracket fungus and demonstrate that this fossil, too, is not fungal in nature. Rather, we provide evidence that this structure represents a wood abnormality, resulting from injury to the cambium and subsequent callus growth in a ginkgoalean wood that likely belongs to the morphogenus Baieroxylon.
Material and methods
The putative bracket fungus is attached to a piece of silicified wood which was polished on two sides by Erwin Fohrer (Gerabronn-Amlishagen, Germany) and preliminarily assigned to the cordaitalean genus Dadoxylon by Fohrer & Simon (2002) . The specimen was collected by Erwin Fohrer in a field near Reubach (southern Germany) and is likely to originate from a nearby outcrop exposing the Schilfsandstein of the Stuttgart-Formation (Fohrer & Simon 2002) which is Carnian (224.5 to 226 million years) in age (Beutler et al. 1999) .
For this reinvestigation, the half-dome shaped structure was sectioned perpendicularly to the wood's longitudinal axis. Thin sections of ca. 60 mm were prepared from different areas along this transverse section through the area of interest and from the neighbouring wood tissue. The fossil was examined under incident (Carl Zeiss Stemi 2000) and transmitted light (Carl Zeiss AxioScope A1, equipped with Canon 450D digital cameras). The fossil is housed in the private collection of Erwin Fohrer; thin sections (GZG.PB.4999a-i) are deposited in the Geoscientific Collections of the Georg-August-University Gaettingen (publication number #1609).
Results
The fossil specimen, which measures 45Â40Â40 mm and is irregular, but roughly cuboidal in shape, represents a fragment of debarked wood from a stem or branch of a tree that is characterized by an unusual half-dome shaped structure protruding from within the wood tissue ( Figs 1A, B) . The wood to the exterior of the structure in question shows dense tissue varying in colour locally ranging from pale yellow to brown-black, with five clear growth rings which are partial growth rings as the specimen is incomplete, and an abraded outer surface, where the bark was stripped away prior to preservation (Fig. 1B) . Towards one corner of the specimen, on the inside the wood fragment, a relatively smooth, dark bulbous structure protrudes longitudinally in relation to the wood. The surface of this structure is grey-black in colour and covered by minute crystals (Figs 1A, B) . This structure is 25 mm high and 34 mm A. Fossil viewed longitudinally with respect to the preserved healthy wood, showing the dark protruding dome-shaped structure, which appears nearly split into two sections; B. Apical view of the polished healthy wood, shown in transverse section, with growth rings visible and the irregular abraded outer branch surface, and the protruding structure is visible on the side of the specimen; C. Transverse section of the fossil (with respect to the healthy wood) showing the transition from the healthy wood to the dome-shaped structure and its tripartite nature. Letters refer to areas magnified in Figure 2 . Scale bars 10 mm.
" Figure 2 . The Triassic ginkgoalean wood and its abnormal structure showing shared wood anatomy. All images show transverse sections, with respect to the wood, with C being a prepared thin section, the other images are of polished sections. A. Detail of healthy wood anatomy showing dense files of tracheids and a growth ring (arrowhead). Tissue lacks resin canals or secretory cells. Scale bar 500 mm; B. Detail of tracheid files showing the thickened cell walls and a half bordered pit (black arrowhead). A contrasting thin walled parenchyma ray is also visible (white arrowhead). Scale bar 100 mm; C. Thin section showing the transition from the healthy wood (left of image with three discernible growth layers) to a fissure separating this from the abnormal structure which shows a displaced continuation of two of these growth rings (arrowheads). Scale bar 1 mm; D. Detail of the anatomy of the tissue from C, inside the abnormal tissue area, showing files of thick walled tracheids and thin walled parenchyma rays. Scale bar 100 mm; E. Detail of callus formation area of the base of the abnormal growth region showing a disorganised wood anatomy. Scale bar 500 mm; F. Detail of callus formation area showing irregularly shaped tracheids with characteristically thinner cell walls in the left portion of the callus, giving a smeared appearance to the tissue. Scale bar 100 mm; G. Detail of E showing more irregularly shaped tracheids with thicker cell walls in the right of the disorganized tissue of the callus area. Scale bar 100 mm.
museum-fossilrecord.wiley-vch.de wide at the maximum dimensions of its irregular hemispherical shape and has a conspicuous irregular fissure extending almost longitudinally the length of this structure, 5 mm wide and up to 20 mm deep, giving the appearance of splitting the structure (Figs 1A-C) . The sides bordering the fissure are also covered by minute crystals. Parallel to the growth rings of the wood, and perpendicular to the bulbous surface, this structure has a clear irregular oval outline with a rough irregular surface, giving this area of the specimen a more 'gnarled' appearance ( Figs 1A, B) . The transition from the normal wood to the anomalous structure starts abruptly without an alteration of the adjoining wood tissue (Fig. 1C) .
The transverse section reveals normally structured wood tissue in the regions near the exterior of the branch towards the abraded outer surface (Fig. 1C) . The wood in transverse sections is composed of tracheids and rays arranged in uniform straight lines, extending perpendicularly to the outer debarked surface with arched growth rings observable (Figs 1B, 2A) . The tracheids are predominantly rectangular (sometimes circular) in diameter and on average measure 30Â40 mm (Fig. 2B) . The tracheids exhibit thickened white-yellow secondary cell walls, averaging 5 mm wide, and half bordered pits opposite ray cells (Fig. 2B, black arrowhead) . The radial sections, where preservation allows, show the tracheids are long and thin (260-510 mm long, 15-25 mm wide) and that the tracheid radial walls have single rows of circular abietinoid pits 10-12 mm in diameter. Two growth rings are observable in this portion of the healthy wood. Between the rows of tracheids are scattered narrow columns of single (uniseriate) long, thin parenchyma rays with delicate cell walls (Fig. 2B, white arrowhead) . There are no observable secretory cells or resin canals. Secondary structures of the cell walls are not preserved.
Towards the inside of the wood, smaller fissures of up to 500 mm wide become apparent which separate the healthy wood from the prominent structure (Fig. 1C) with a strong discouloration at the fissure margins. The structure comprises three portions of barely discernible radiating patterns of cellular growth with some disrupted and disorganized areas, two portions of which abut in the upper part of the dome shape (Fig. 1C) . The tissue within these three areas is less uniform in structure than that of the healthy wood ( Figs 1C, 2C) . At the border of the healthy wood to the anomalous structure, two of the growth rings are seen to continue towards the inside of one of these areas of the structure with a slight displacement (Fig. 2C, arrowheads) showing that the cells at the top of the dome shaped structure are also rectangular in shape and of similar size as the tracheids of the healthy wood, and are also arranged in files (Fig. 2D) .
In the basal part of the domed structure the original callus formation area is apparent (Fig. 2E) , characterized by a disruption of the cellular organization (Figs 2E-G) . The thick-walled xylem cells are at times extended in a radial direction and appear sheered from the regular linear formation of healthy wood tissue, giving the tissue a smeared appearance (Figs 2F, G) and a more randomized appearance to these cells. More frequently the cells appear longer and in less regular shapes than those of the healthy wood tissue (Figs 2F, G) . Scattered very long and thin parenchyma cells (320Â15 mm) are also present (Fig. 2F) . None of the transverse, radial sections or the thin-sections indicate the presence of secretory cells or resin canals in the healthy wood tissue or the anomalous structure and no hyphae or other fungal structures are observed.
Discussion
The incompleteness of the preservation of the wood and its level of decomposition prior to preservation means that some diagnostic features are lost, in particular the details of the secondary thickening of the tracheid walls. This precludes a detailed assignment of this wood to a morphogenus. Nevertheless, based on wood anatomical features it is safe to say that it is a gymnospermous wood fragment. The anatomy and arrangement of the tracheids and pitting on the radial tracheid walls, together with the ray cells and the lack of secretory cells or resin canals suggest that this branch piece may belong to a fragment of Baieroxylon, a Triassic wood morphogenus with affinities to the ginkgophytes.
Reinterpretation of the fossil structure described by Fohrer & Simon (2002) shows that the fossil record of the Agaricomycetes still does not yet pre-date the Early Cretaceous. Dennis (1970) reported a mycelium possessing clamp connections from Carboniferous wood suggesting the occurrence of Basidiomycota, or possibly even ancestors of the Agaricomycetes, in the late Paleozoic. However, the oldest accepted agaricomycete is still Quatsinoporites cranhamii Smith, Currah & Stockey, 2004 (Smith et al. 2004 , an abraded fragment of a Hymenochaetales representative from Lower Cretaceous strata of Vancouver Island. The age was originally reported as Barremian by Smith et al. (2004) , but the sediments have since been reported to be older at 136 Ma which places this fossil on the Valanginian-Hauterivian boundary (Stockey & Wiebe 2008) . Current finds revealed further Early Cretaceous remains of Hymenochaetales representatives in insect faecal pellets enclosed in ca. 100 million-year-old Albian amber of south-western France (Schmidt et al. 2010) . Fossils of bracket fungi become more abundant in the Cenozoic (for review, see Tiffney & Barghoorn 1974; and Fleischmann et al. 2007 ) and gilled mushrooms are recorded as amber inclusions since the mid-Cretaceous; Palaeoagaracites antiquus Poinar & Buckley, 2007 from the Albian-Cenomanian of Myanmar (Poinar & Buckley 2007) and Archaeomarasmius leggetti Hibbett, Grimaldi & Donoghue, 1997 from the Turonian of New Jersey (Hibbett et al. 1997a ) being the only Cretaceous representatives described to date. Molecular phylogenetic analyses tend to a much older than Cretaceous (probably late Paleozoic to early Mesozoic) age of origin of the Agaricomycetes; however, these analyses currently still provide very conflicting results, depending on tree topology and prior probabilities used (for discussion, see, e.g., Taylor & Berbee 2006; Berbee & Taylor 2007 and Hibbett & Matheny 2009 ). An alternative view of these results is that the molecular data provide evidence that older Agricomycetes fossils may exist, but that these fossils have not yet been discovered.
